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Antarctica is losing ice mass by basal melting -

a principal mechanism proposed by glaciologists

In contrast, Greenland looses ice mass at the surface through atmospheric effects

Glaciological concept for Antarctica:

The main loss of ice mass in Antarctica is through
ice sliding, not by the ice surface melting.

Deep geodynamic processes cause melting of
ice-sheets at the ice-rock interface.

Thawing of subglacial sediments lubricates the
ice-rock interface even at low melting rates.

This promotes ice sliding to the ocean.
And leads to a dramatic reduction of ice mass.

These deep thermal anomalies, ftriggering the
ice-sheet sliding, are reflected in heat flux
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Antarctica is losing ice mass by basal melting -

a principal mechanism proposed by glaciologists

In contrast, Greenland looses ice mass at the surface through atmospheric effects

Glaciological concept for Antarctica: Analogues in nature:
The main loss of ice mass in Antarctica is through | The Heinrich events in North Atlantics:
ice sliding, ot by the ice surface melting. - episodic massive break-offs of large ice
Deep geodynamic processes cause melting of masses - every few thousand years.
ice-sheets at the ice-rock inTer'fClce. e Cause: basal ice-sheet War-ming"
Thawing of subglacial sediments lubricates the | |. Formation of a “slippery lubricant” layer at
ice-rock interface even at low melting rates. the base of the ice-sheet
This promotes ice sliding to the ocean. « The extremely fast onset - on time-scale
And leads to a dramatic reduction of ice mass. of years - of ice break-off
These deep thermal anomalies, ftriggering the
ice-sheef sliding, are reflected in heat flux SR
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Geophysical models for Antarctica heat flux
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Thermal isostasy method

Moho depth (symbols) and FA anomalies

Moho (km)
B 10 to 20
| 20 to 26

Free Air gravity anomalies 28 5 B2

Seismic Moho: I 32 to 38

F—ﬁ! ® DsS/reflirefraction | 38 to 44

75 50 -26 0 256 50 75 A

mGal

RF/surface waves | 44 to 50
'Modified after Artemieva & Thybo, 2020 | ll 50 to 60

Artemieva & Thybo, 2020

For method description see:
Artemieva, 2019, 2 papers in ESR
Artemieva & Shulgin, 2019, Tectonics

Assumptions and step-by-step procedure:

1. Regional isostasy - supported by ~0O mGal FA;

2. Deviations from crustal isostasy - anomalous
topography AT (requires data on Moho depth);

3. AT anomalies are due to T variations in lith. mantle;

4. > T anomalies (vertically averaged from Moho to
LAB) with respect to a location with AT=0

5. T anomalies > thermal LAB

6. T anomalies 2 heat flow (based on Pollack &
Chapman geotherms parameterized by heat flow)




Results: Predicted heat flux vs local models
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DY Numbers - HF values from local ice-drill studies.
: SN\l « Huge discrepancies between glaciological models;
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Results & Conclusions: Predicted heat flux

The rate of Antarctica ice basal melting is
AP - Antarctic Peninsula KO - Kohnen drill-site RS - Ross Sea : Significanfly UndereSTimaTed.

BY - Byrd drill-site LD - Law Dome gg - Slplc [?)omc .
-Central EastAnt. LV - Lake Vostok - South Pole region C d 1- I.‘. c
- Co:go:Zia E:ke < LW - LaaKGe V(\)/lsmﬁans TG - Thwaites Glacier O m par'e 0 p reV| O US r'es U s .
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- Rosa ang WA WAIS D (i) the area with high heat flux is double in size;
| (ii) the high heat flux anomalies are 20-30% higher.

{ %/// oo Extremely high heat flux (>100 mW/m2)

N // i | in most of West Antarctica, the South Pole & the
: Sl Lake Vostok regions requires:

* an ultra-thin (<70 km) lithosphere;

* shallow mantle melting.

This may promote:

+ thawing of the basal ice,

* |ubrication at the ice-rock interface,
« the ice-sheet sliding to the ocean.

Predicted heat flux ® Local heat flux data (mW/m?):
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Results: Predicted heat flux (left)

These maps should agree only in big terms because they show different things

Regions where ice melts from below
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Predicted heat flux ® Local heat flux data (mW/m?):
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Ice loss by sliding (GRACE data)
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Antarctic Ice Loss
ors water equivalent relative to 2002)

The ice-sheet loss is by lubricated sliding,
- regions of high heat flow (= high melting
rate) may be far away from near-coastal
regions where the ice slides to the ocean




... and Greenland by the same method
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